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Section1 + Open Addressing

Load Factor and Resizing
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Source: Miller and Ranum (2013), Analysis of Hashing.
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Source: Downey (2021), HashMap.
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Adapted from Downey (2021), HashMap resize.
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Source: Downey (2021), HashMap resize.
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Adapted from Miller and Ranum (2013), Analysis of Hashing.
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7|71 D2A| EAHEl A0 ZALAOICE. linear probing2 &2 ZAL M[0|H2 7| H|2 E Mict, MZ2

717t LS ul, *'HHE 2iS mich.
Yt 2ot A a=0.5 a=0.75 a=09
linear probing A& 1+ ) 15 2.5 5.5
linear probing A!Ij 3(L+ a=ap) 2.5 8.5 50.5
Hold d= 1+ «a/2 1.25 1.375 1.45
Ho|'d Ay «@ 0.5 0.75 0.9

aZt 0]l 7H1k{XIH linear probing®| Amf E440| 23| ZO{TILE. M=
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Adapted from Miller and Ranum (2013), Analysis of Hashing.
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Checkpoint
Load Factor and Resizing
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Section2 - Open Addressing
Linear Probing
SiCH
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Source: Morin (2013), Section 5.2, LinearHashTable.
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Source: Morin (2013), Section 5.2, LinearHashTable.

12/47

- XEAE

DS3600082-140



linear probing
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Source: Miller and Ranum (2013), Collision Resolution.
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93 17 None | None 31
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Adapted from Miller et al. (2023, Java ed.), Collision Resolution with Linear Probing.
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Adapted from Miller and Ranum (2013), Collision Resolution.
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Source: Morin (2013), Section 5.2, LinearHashTable.
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HHE 20M= 2HA 022 SofZict

pi(k) = (h(k) 4+ i) mod m, i=0,1,2,...

m = 110|311 h(k) = 90| 9,10,0,1,2,... =MZ &I5IH, LIHX| HLto] HiE 22 XSzt AZCt

Source: Miller and Ranum (2013), Collision Resolution.
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Source: Morin (2013), Section 5.2, LinearHashTable.
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L} BH20| BLEALE AJZF ZIO 2 E0I2H™ None S HHEISICE,

E - HAS2 = ’ [
1 def get(self, key):
2 start_slot = self.hash_function(key, len(self.slots))
3 position = start_slot
4 while self.slots[position] is not None:
5 if self.slots[position] == key:
6 return self.data[position]
7 else:
8 position = self.rehash(position, len(self.slots))
9 if position == start_slot:
10 return None
11 def rehash(self, old_hash, size):
12 return (old_hash + 1) % size

rehash= CIg ZAF QIHIAS A|MSH=E HIME0|1 E ZO0|E HHLE Mgt TH2Ct 0] ZEE X2 7 2
K2[SHR| =Lt

Adapted from Miller and Ranum (2013), Implementing the Map Abstract Data Type.
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Checkpoint

Linear Probing
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Section3 + Open Addressing

Probe Sequences

linear probingdfl A 22{AEZO0| d7|= 0|7E &5t
= A f H| W BT
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Source: Miller and Ranum (2013), Collision Resolution.
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77,44, 557t 2HE S AHY 245 20% X|Ltof Sht.

Adapted from Miller et al. (2023, Java ed.), Clustering.
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Source: Miller and Ranum (2013), Clustering.
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A i == 0|5 2
linear probing h(k) +i 124
guadratic probing h(k) + 1,4,9,...
double hashing hy(K) + ihg(K) 7|8 7tA

Source: Miller and Ranum (2013), Collision Resolution.
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HHH H|u: quadratic probing2 MZ0HE

o|s3ict

SESIH h(k)0lIM 1,4,9,... Ho{Zl k2 &L}t 550, 1,4, 9, 58 XLt QIHA 30| E2ICt,
0 1 2 3 4 5 6 7 8 9 10
77 44 20 55 26 93 17 None | None 31 54

Adapted from Miller et al. (2023, Java ed.), Quadratic Probing.
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HHH H| W double hashing 7|'d 7t =Lt
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pi(k) = (h1(k) + ihy(k)) mod m

ha (k)= 00| OfL|11 # ZO0| mit MZA0{0F 2E ZHS

4 QUCHO: mO| 240|111 < hy(k) < m—1). M2
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Source: OpenDSA (n.d.), Improved Collision Resolution.
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Checkpoint
Probe Sequences

linear probingdliA| 22{AE 20| AAZ ZO{X|= 0|f= £AHQUIf?

quadratic probing®| AW =& QIEIA = OfEHA| AMSH=7|?

double hashingOlA & Hm] SHA| 2t hy (k)7 00| off oF E[=7}?
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Section4 + Open Addressing

Deletion and Tombstones

AH| E0|E 7| & ZAF B2 E HESH= tombstoneS AFRSICH
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oF EICt

FEE Flol 52 FIMX| 7h= ZAL BRI} SN B2

L= ES 0 1 4
ySES; 77 44 55 20 Sy
h(k) 0 0 0 9

QIS 19 442 ¥l ZHOR HIRB 552 A= EHO| QIHA TojAf ER Buict

Source: OpenDSA (n.d.), Deletion.
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Source: OpenDSA (n.d.), Deletion.
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tombstone

tombstone

S22 ATISR|SE ZAF B2} O[O{ZICHS AP H7l S e, SIS tombstone XILILD Algje
2 9IKIZ ChAl AFRE & 2ct,

Source: OpenDSA (n.d.), Deletion.
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EMI2 tombstone2 X|LIZICt

QlEl A 0 1 2 3
ALEH 77 tombstone 55 20
h(55) = 00|™ QIEA 09 T2 7| 772t QA 19] tombstoneS XLt Q1A 20jM 558 RH=C}

Source: OpenDSA (n.d.), Deletion.
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tombstone ZH QX|ZE 7|5t A& B
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8t tombstone EE= SHH ZH| XM=

Source: OpenDSA (n.d.), Deletion.
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M 21471 Mo| = tombstone0| oM EMM2 Oio FH3 X|LIO} SiC},

M= 2 2c

ag@a=an AH Map 27|

M 7k} tombstone 4 g EAF Z20f| ZEHE 4 Q1= 7t
£Z0Im m > 22 RXISHEE Mg

Source: Morin (2013), Section 5.2, LinearHashTable.
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Source: Morin (2013), Section 5.2, LinearHashTable.
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Checkpoint

Deletion and Tombstones
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Section5 -« Open Addressing

Python dict

Python dict| 271 S8 &tQlstl CPython LHE EE 713

Abel| = L2 SITE
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dict 7|= hashabledl{o} SIC}

ofl 7| AFE ol%

int, str 7ts hashable
hashable §£9| tuple s LiE0| HHYX| 4=
list, dict =7t LHEO| HHE =~ AUZ

Source: Python 3.14 documentation (n.d.), Mapping Types, dict.
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PythonOlA= 1, 1.0, TrueZt ZCt2 H| 2 EIC,

d = {1: "first"}
d[1.0] = "updated"
len(d) — 1

d[True] — T"updated"

SiAl 2h2t 2X] 941 719| S5 HIwHK| 8{0oF Map2| o|0|7} EEEIC.

Source: Python 3.14 documentation (n.d.), Mapping Types, dict.
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Source: CPython (n.d.), Objects/dictobject.c, table layout comments.
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Source: CPython (n.d.), Objects/dictobject.c.
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AHH| Floll= tombstone0| Z2E BE3IC}

tombstoneS ZHt2 HSLE Bl 7102 5|5/ S5 50| 50 Y22 X 2 4 Urh.

2HE B X2
2H 7|1E |
tombstone LIS 2EE AlS
MNSRE 2t 7|7+ QACkL mEt

Source: CPython (n.d.), Objects/dictobject.c, Dummy slot comments.
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d={"a": 1, "b": 2, "c": 3}
d["b"] = 20 — 7|E QK| X
del d["b"]

dl"p"] =2 — OFX[2H0l CRA| &2

Caution & &M 2Z2 HEE 7| £#ME SOHX| =L

Source: Python 3.14 documentation (n.d.), Mapping Types, dict.
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Checkpoint

Python dict
+ list7tdict 7|7t & £ 8l= Olfe= RHLIIf?

+ CPython2| tombstone2 O™ XAl Z2E EESH=71?

- dicto| M =M EE0} | YE2 OfFH CHEIN?
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PAI=EEN

How Does an Open Slot Stay Findable?

Next Lecture: Tree Terminology
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